Bamboos are described as one of the most important renewable, easily obtained, and valuable of all forest resources. These plants belong to the grasses' family (Poaceae), which covers about a quarter of the world's plant population, within the subfamily Bambusoideae. The estimated diversity of bamboos in the world is approximately 1400 species, distributed in 116 genera. Bamboo species have been used in Southeast Asia, as a base material to produce paper, furniture, boats, bicycles, textiles, musical instruments, and food, and their leaves have also been used as a wrapping material to prevent food deterioration since ancient times. These species accumulate biologically active components such as polyphenols and other secondary plant metabolites that might explain the use of bamboo leaves in Asian traditional medicine for the treatment of hypertension, arteriosclerosis, cardiovascular disease, and certain forms of cancer. Besides the usual secondary metabolites, bamboo extracts may contain biologically active peptides and polysaccharides that still need to be further studied for their activity and their synergistic with other metabolites. Most of the studies found in the literature are from Asian bamboo species, and the potential of the Southern American species is yet to be explored.
Introduction
Bamboos are described as one of the most important renewable, easily obtained, and valuable of all forest resources. Bamboo species have been known and used by human kind since the beginning of civilization; its use as building materials can be traced back to the pre-ceramic period 9500 years ago, while relics from bamboo mats and baskets were dated at 3300-2800 BC [1] . In Asian countries, their leaves are used as a food wrapping material to prevent food deterioration since ancient times, besides using the culms as a construction material. In this region, bamboo leaves are described in the traditional medicine for treating hypertension, arteriosclerosis, cardiovascular disease, and certain forms of cancer. These therapeutic properties are most likely mediated by their antioxidant capacity.
These plants form a large subfamily of the grasses (Poaceae: Bambusoideae), comprising about 1662 species distributed in 121 genera. Bamboos present a large range of functional forms found over numerous biogeographic regions, including dwarf herbaceous species in temperate climates and giant tropical woody species that can reach up to 20 m height [2] . These species can adapt and propagate in 2. Biological activities of bamboo species
Antioxidant potential of bamboos
The production of reactive oxygen species (ROS) is a result of normal cell metabolism; however, once the oxidative processes start to be predominant over the antioxidant, the imbalance called "oxidative stress" can be harmful to human body [16] . Oxygen's reactivity, which is under normal conditions, permits the highenergy electron transfer allowing the formation of big quantities of adenosine-5-triphosphate (ATP) by the oxidative phosphorylation and jeopardizes the cells of living organisms by attacking molecules such as proteins, lipids, or DNA [17] . Free radicals created in this process cause various genetic changes causing cancer, cardiovascular and neurological diseases, nephropathy, rheumatoid arthritis, and other disorders [18] . Plants provide an abundant source of the substances with biological activity. In case of antioxidant protection, flavonoids stand for one of the most efficient molecules combating the oxidative stress.
There are two terms describing the antioxidant efficacy: "antioxidant activity" and "antioxidant capacity," and they have different meanings. The prior expresses the kinetics of a reaction between an antioxidant and the prooxidant or radical scavenging activity, and the latter one measures the thermodynamic conversion efficiency of the reaction. The analytical methods to evaluate antioxidant activity may be divided into electron transfer (ET)-based and hydrogen atom transfer DOI: http://dx.doi.org /10.5772/intechopen.82005 (HAT)-based methods. ET-based methods utilize the process of the reduction in the oxidative component by the antioxidant, which leads to the change in color that can be observed [19] . Within this group, we can specify: DPPH (2,2-di(4-tertoctylphenyl)-1-picrylhydrazyl) method, ABTS (2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid), FRAP (ferric reducing antioxidant power), and CUPRAC (cupric reducing antioxidant capacity). HAT-based assays include for instance oxygen radical absorbance capacity (ORAC) reaction, detectable by the fluorescence loss of fluorescein. More "functional" analyses count the number of lipid oxidation products like thiobarbituric acid-reactive substances (TBARS) or evaluate a desired health effect of the product [19, 20] .
The majority researchers working with bamboo-derived products use DPPH, ABTS, and FRAP methods or the combination of those to evaluate the antioxidant effect of their samples, when ORAC is less common. Values are expressed in the percentage of the radical inhibition, IC 50 , which is an inhibitory concentration (concentration needed to deactivate 50% of the radical formation) or Trolox equivalents. Table 1 demonstrates the results grouped by the method and unit used by the authors, and Table 2 shows IC 50 against DPPH of the compounds isolated from the bamboo species.
The most popular method (also as per the number of results included in Table 1 ) is the certainty DPPH radical scavenging test. IC 50 is a unit that is easy to compare because it gives an idea of the concentration, which is necessary to decrease the radical formation by 50%. The values obtained for different species of bamboo varied between 51 μg/mL for Sasa borealis (leaf butanolic fraction) [9] and 5300 μg/mL for Phyllostachys nigra (shoot water fraction) [24] . The highest antiradicalar activity was obtained in case of butanol, ethyl acetate, and ethanol fractions. Although leaf extracts seemed to be the part of the plant that provides reasonably good results, essential oils were efficient in much smaller concentrations. The essential oil from Phyllostachys heterocycla cv. pubescens had IC 50 of only 2.85 μg/mL (value recalculated from μL/mL for comparison purposes if the density of an essential oil is approximately 0.9 g/mL) as reported by Jin et al. [21] . The worst in the group, but still with high activity, was an essential oil from Phyllostachys vivax f. aureocaulis N.X.Ma. (7.53 μg/mL [25] ). The essential oils had their range of action like isolated compounds. For instance, isoorientin, isolated from the leaves of Sasa borealis, had IC 50 determined as 9.5 μM [9] , which gives 4.26 μg/mL, very close to the essential oil mentioned here.
Two from the chosen authors [10, 26] described the results for two Asian bamboo species: Phyllostachys nigra v. henonis and Phyllostachys edulis in the percentage of DPPH inhibition. The 20 μg/mL ethanol extract from the first species managed to suppress 40.9% of the radical formation, whereas the second one, depending on the fraction, was able to decrease it from 30.4 to 79.1% (chloroform and butanol fractions, respectively) in the concentration of 100 μg/mL. Both authors investigated in parallel the influence of the bamboo samples on lipid peroxidation. It was confirmed that the P. n i g r a scavenging effect reduced the rate of liposome peroxidation and human LDL (low-density lipoprotein) oxidation suppressing DNA modifications [10] . 3-O-caffeoyl-1-methylquinic acid (shown in Table 2 ), isolated from P. e d u l i s , exhibited 36% of the inhibition of superoxide generation in human promyelocytic leukemia HL-60 cells [26] .
The results expressed in IC 50 for the DPPH and other methods such as ABTS, FRAP, and ORAC varied due to different mechanisms of action between prooxidant and antioxidant molecules. An ethyl acetate fraction from a Brazilian bamboo, Merostachys pluriflora, defined as the most active fraction from this species against DPPH (IC 50 = 117.68 μg/mL), the second most active against ABTS cation radical (IC 50 = 19.66 μg/mL) was also quite potent ferric reducing (IC 50 = 51.88 μg/mL) and oxygen radical scavenging (IC 50 = 2.73 μg/mL) agent. On the other hand, dichloromethane culm fraction from the same plant, not so active against DPPH nor ABTS, reduced almost two times more the ferric cation in the FRAP method than the previous sample (IC 50 = 27.92 μg/mL) and was an excellent scavenger of the oxygen radical in ORAC assay (IC 50 = 1.22 μg/mL) [22] . No direct correlation between the results assessed by ABTS and ORAC was also found in another study, evaluating the antioxidant activity of different parts of P. pubescens [23] . Trolox equivalents received by two methods: DPPH and FRAP were also compared, and it was found that in case of P. heterocycla cv. pubescens, gracilis, Tao Kiang, and P. aureosulcata, leaf and shoots in both evaluations were very similar to the TE content. Additionally, the extract that was the richest in TE in DPPH assay (P. heterocycla leaf) had also the highest value of it in the FRAP method [27] . As per this author, the shoots of bamboo were the part of the plant with the poorest antioxidant activity.
In general, bamboos were classified as good antioxidants, which can be related to their high flavonoid and phenol contents [27] . The scavenging activity against superoxide anion and hydroxyl radical of some methanol and hot water extracts from a bamboo powder, used in Japan for different purposes, was higher than the Isoorientin 2-O-α-l-rhamnoside 34.5
Phyllostachys edulis (Carrière) J. Houz. Pharmacognosy -Medicinal Plants 6 ones received for the control-α-tocoferol and ascorbic acid [28] . A polysacchariderich extract from Bambusa rutila had hydroxyl radical scavenging activity equal to vitamin C [29] , where an isoorientin and its ester, derived from a Chinese product called antioxidant of bamboo leaves (AOB), had their IC 50 lower than vitamin E [30] . The acylation of isoorientin was performed to improve its solubility in lipidic media, however, the process did not have a positive impact on the antioxidant activity of the substance. A nutritional formulation developed from bamboo vinegar (5%) and maltodextrin (30%) had better in vitro antioxidant effect that tested commercial beverages [31] . In other study, it was proved that bamboo oil from P. bambusoides, when incubated for 20 h, had its linoleic acid scavenging rate similar to that of ascorbic acid [32] .
Few studies of the functional antioxidant activity with correlated health effect were described in the literature as well. The lignophenol derivatives obtained from a wood mixture containing bamboo P. bambusoides demonstrated neuroprotective activity in cells influenced by hydrogen peroxide-induced apoptosis [33] . A shortterm assay established that both Asp-Tyr identified and isolated from P. pubescens shoot fractions diminished significantly the systolic blood pressure of spontaneously hypertensive rats [34] . An extract from Sasa senanensis, named Absolutely Hemicellulose Senanensis (AHSS), had determined its in vivo activity, and it was shown that it inhibited the production of lipid peroxide by intestinal ischemia and subsequent reperfusion (I/R) injury model in rats [35] .
Antimicrobial properties
Quality and safety of various products can be affected by the presence of microorganisms; therefore, antimicrobial substances are widely used in cosmetic, food, and pharmaceutical industries. In cosmetics, preservatives protect the formulation during the production and the use by the consumers [36] . In the food industry, these additives can improve organoleptic characteristics of food, such as color, smell, and taste, in addition to the protection of food during production, storage, and consumption [37] . The growing microbial resistance to existing drugs has generated the need for the pharmaceutical industry to search for new molecules that can be used as preservatives, antibiotics, and disinfectants [38] . This factor associated with the toxicity of certain additives [39] and the consumer appeals for the reduction in synthetic substances [40] , encourage the search for alternative solutions. The complexity and molecular diversity of natural products make them an interesting source of new molecules [41] .
The antimicrobial capacity of bamboo species was evaluated through several methodologies, resulting in different units for the presentation of the results. In Table 3 , results are shown as minimal inhibitory concentration (MIC), which is the lowest concentration that is able to completely inhibit microbial growth.
The lower the MIC values, the more potent the substance is. To be considered as promising antimicrobial agents, natural products must have MICs below 100 μg/mL [39] . Therefore, the essential oils of Phyllostachys kwangsiensis, P. heterocycla cv. gracilis, and P. heterocycla c v. Heterocycla are the most active extracts, with MIC values ranging from 22.23 to 45.24 μg/mL for S. aureus and 31.76 μg/ mL for E coli. 2,6-Dimethoxy-p-benzoquinone presented lower values than the essential oils; however, it is an isolated compound and not an extract. It is possible to affirm that the essential oils evaluated have an intense antimicrobial activity because their MIC values are close to those of an isolated compound.
In Table 4 , the species were evaluated using the disk diffusion method. Three different extracts of each species were compared. All of them presented similar inhibition zones, around 7 mm. The wider inhibition zones were presented by the ethanolic extract of Bambusa blumeana against E. coli (9.8 mm) and Bambusa vulgaris hot water extract (10.7 mm) against S. aureus. However, all the extracts can be considered inactive, comparing them with the inhibition zones in Table 5 . It is important to say that during the measurement of the diameter of the inhibition zones, the diameter of the disk is considered. The search for bioactive compounds is not limited only to the compounds produced by a plant species. Microorganisms hosted in plant tissues and organs have become a new source of useful metabolites for the pharmaceutical, agricultural, and food industries [45, 46] . Found in various parts of plants (roots, stems, leaves, and barks), endophytic fungi colonize various species [47] , and the relationship between the endophytic fungi and the host plant may be advantageous since many of them improve the growth and protect the plant against pathogens [46] .
Using the agar diffusion method, some authors evaluated the antimicrobial activity of fungal strains isolated from bamboos. The antimicrobial potential of the strains was evaluated against human pathogens, and in Table 6 , it is possible to find the main results. Isolate 130 from P. e d u l i s culms and isolate B38 from the same species presented similar results, with activity ranging from good to very good for most pathogens evaluated. Nevertheless, the isolate FB16 from P. e d u l i s presented the best result, with very good activity against a larger number of microorganisms.
One of the studies also evaluated the activity of fermentation products of fungal strains of P. e d u l i s , and the results can be seen in Table 7 . The product FB16 is the most active, with the biggest zones of inhibition. This behavior agrees with the results presented by the isolated fungus, as shown in Table 6 . It is important to note that although the fermentation product FB16 presented the best result among the samples, its zones of inhibition are smaller than those presented by the isolated fungus. Despite the search for new substances with the ability to inhibit microbial growth, the presence of microorganisms is not always harmful. In some cases, certain microorganisms may contribute to human health, such as the human intestinal microbiota. It is composed of more than 400 bacterial species, and bifidobacteria and lactobacilli are the main ones [48] . They help in the digestion and synthesize bioactive compounds, besides preventing diseases, avoiding the growth of pathogenic microorganisms [49] . Through the consumption of probiotics and prebiotics, it is possible to maintain the balance of these intestinal bacteria. Probiotics are supplements containing the microorganisms of interest. Nondigestible carbohydrates that undergo fermentation by intestinal microbes are called prebiotics [48, 49] .
Prebiotic activity was evaluated in bamboo shoots, since they are a rich source of polysaccharides and oligosaccharides [50] . The polysaccharides isolated from the shoots of Gigantochloa levis were able to stimulate the growth of Bifidobacterium animalis, Bifidobacterium longum, and Lactobacillus acidophilus. At the same time, they were able to reduce the growth of Salmonella sp., pathogenic bacteria [50] . Heteropolysaccharides-protein complexes from Phyllostachys praecox shoots were isolated, and the fractions containing these substances increased the Bifidobacterium adolescentis and Bifidobacterium bifidum counts [50] . These results suggest that bamboo shoots can be a source of probiotics.
Miscellaneous activities
Chinese traditional medicine has described the use of different parts of bamboos, such as leaves and rhizomes, to treat many diseases. Nowadays, scientific studies have demonstrated that bamboo extracts have excellent biological efficacy regarding their antioxidant activity. Theoretically, this activity might also be related for the treatment of diverse pathologies, such as resistance to free-radical, cardiovascular protection against neurodegenerative diseases, anticancer, and many others.
Bamboo shavings are a sort of Chinese traditional medicine that can be obtained from different bamboo species by scraping off the coating from bamboo stems, cutting the stems into slices, and binding them together by drying in shadowy places. A triterpenoid-rich extract of bamboo shavings was obtained from P. n i g r a var. henonis by superfluid carbon dioxide extraction and tested for antitumor activity. The extract showed a significant inhibitory activity against P388 and A549 cancer cell lines. The extract also presented an effective inhibitory effect on the sarcoma-loaded mice S180 model. Friedelin, the main compound in the extract, was also active on inhibiting the proliferation of four cancer lines, A375, L929, Hela, and THP-1 [51] .
Bamboo (DMBA). A crude hydroethanolic extract from P. e d u l i s was incorporated into a standard rodent diet at a concentration of 5 g/kg (0.5%), and it was able to delay the onset of mammary tumor by 1 week, decreasing the tumor incidence by 44% and tumor multiplicity by 67%. The biochemical analysis indicated that the activity might be related to an increased estrogen metabolism [52] . Bamboo vinegar, a natural liquid derived from the condensation produced during bamboo charcoal production, a pyrolyzate product, has been used in agriculture and used as a food additive. This liquid is composed mainly by water and acetic acid, but it also contains a variety of phenolic compounds. A vinegar preparation produced from P. pubescens reduced inducible nitric oxide synthase expression and nitric oxide levels and interleukin-6 secretion using lipopolysaccharide-activated macrophages. The mechanism proposed for the anti-inflammatory effect of the vinegar involved a decrease in reactive oxygen species production and protein kinase C-α/δ activation. The main component involved in the anti-inflammatory activity was creosol (2-methoxy-4-methylphenol) in in vivo tests [53] . Vinegars obtained from P pubescens, P. n i g r a , and P. bambusoides were tested for protective effect against N-methyl-d-aspartate (NMDA)-induced cell death in primary cultured cortical neurons. All the preparations were able to restore cell viability when compared to untreated cells in an NMDA-induced neuronal cell death assay. Additionally, vinegars of P. pubescens and P. n i g r a showed a reduction of apoptosis following the exposure to NMDA, indicating them as supplements for ischemic injury treatment [54] .
Besides the usual secondary metabolites, aqueous bamboo extracts contain many amino acids and polysaccharides that have not been investigated for their biological activities. Hypertension is associated with cardiovascular diseases such as arteriosclerosis, stroke, and myocardial infarction. Angiotensin converting enzyme (ACE, EC 3.4.15.1) is a dipeptidyl carboxypeptidase involved in different blood pressure regulating mechanisms. A peptide enriched P. pubescens shoot aqueous extract could significantly reduce systolic blood pressure, improve oxidant stress status (GSH-Px, SOD, TAC and MDA), and increase NO level in serum and NO synthase activity in kidney. This extract also decreased total cholesterol, triglyceride, and low-density lipoprotein cholesterol content and MDA level of hyperlipidemic rats. These activities were higher for crude extract rather than for the synthetic peptide used. This indicates a synergism with the phenolic compounds still present in the crude extract, such as p-coumaric acid, ferulic acid, caffeic acid, homoorientin, and orientin [55] . The antihyperlipidemic effect of these metabolites has been demonstrated later. The lipid metabolism was affected by phenolics and triterpenoids present in the inner culm water found from Dendrocalamus giganteus Wall. ex Munro. The freeze-dried powder obtained from this water was composed mainly of protocatechuic acid, p-hydroxybenzoic acid, syringic acid, friedelan-3-one, lup-20(29)-en-3-one, lup-20(29)-en-3-ol, and α-amyrin. The powder reduced the contents of triglycerides, total cholesterol, and free fatty acids in model assay with steatosis human liver cell L02 [56] .
Most of the bamboo applications are related to the paper, textile, and construction industries, due to its high fiber contents. For this reason, scientists have been isolating and characterizing bamboo hemicelluloses since the 1970s. Hemicelluloses are polysaccharides found in plant cell walls that are characterized by being neither cellulose nor pectin and by having β-(1 → 4)-linked backbones with an equatorial configuration. Some of these polysaccharides are known to have an immunomodulatory activity. Hemicelluloses isolated from P. pubescens shavings showed in vitro immunomodulatory activity and significantly stimulated mouse splenocyte proliferation. All the isolated compounds markedly enhanced the phagocytosis activity and nitric oxide production of the murine macrophage RAW264 [57] . The total polysaccharide fraction of Sasa veitchii (Carrière) Rehder inhibited the production of interferon gamma (IFN-γ) by not only the toll like receptors (TLRs) but also the C-type lectin receptors (CLRs) dectin-1, and dectin-2 of BWMP also inhibited the autologous production of IFN-γ in the splenocyte culture mice splenocytes in the presence of immunostimulant fungal polysaccharides [58] .
Conclusions
Although bamboo has been used for centuries by the Traditional Chinese Medicine, this is still a group of plant under investigated regarding its medicinal properties. In Asian countries, such as China, Korea, and Japan, among others, the most used species have already been studied regarding their biological properties and chemical composition. On the other hand, in Southern American countries, where a huge bamboo diversity is available, very little has been done to access its medicinal properties.
Several species have shown an important antioxidant potential demonstrating that they can be applied in the treatment of different diseases such as antiinflammatory, antitumor, and several other ailments involving oxidative processes. Additionally, besides the usual secondary metabolites, bamboo extracts may contain biologically active peptides and polysaccharides. The combined effect of these macromolecules with polyphenols and other metabolites may lead to multiple biological effects, such as antifree radical, antiaging, antifatigue, antibacteria, antivirus, and as a functional dietary supplement, cosmetic ingredient, and food additive.
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